Article abstract-The authors evaluated education attainment and neuropsychological deficits in children with sickle cell disease (SCD) and silent cerebral infarcts. Children with silent infarcts had twice the rate of school difficulties as children without infarcts. Eighty percent of silent infarct cases had clinically significant cognitive deficits, whereas 35% had deficits in academic skills. Children with silent cerebral infarcts show high rates of poor educational attainment, cognitive deficits, and frontal lobe injury. Poor school performance in SCD is one indicator of silent infarcts.
Children with sickle cell disease (SCD) may sustain cerebral infarcts without associated neurologic signs, which is sometimes termed silent cerebral infarcts. Silent cerebral infarcts are characterized by normal results of neurologic examination and no history of neurologic events 1 ; they occur in approximately 16% of children with hemoglobin SS (HbSS). 2 Studies of neuropsychological functioning in silent cerebral infarction typically have described a small number of cases, have not considered the location of lesions in cognitive performance, or have relied on IQ and academic achievement scores rather than tests evaluating specific neurocognitive functions. 3 Educational attainment has not been assessed as an outcome, leaving unclear the relevance of silent cerebral infarcts to daily functioning. To address the clinical relevance of this condition, we evaluated the educational outcome and the rate of neuropsychological deficits for silent infarction.
Method.
Participants. Nineteen children with HbSS and silent infarcts were identified at two institutions. Eight children were identified at St. Louis Children's Hospital and 11 children from Grady Memorial Hospital, Atlanta, Georgia. The neuropsychological performance of most of these children was described previously. 4, 5 Fortyfive (15 from St. Louis Children's Hospital and 30 from Grady Memorial Hospital) children with SCD were evaluated with an MRI of the head and found not to have silent cerebral infarcts. Eighteen siblings without SCD were also recruited for research. All children with SCD had normal neurologic examination at the time of study participation. Demographic characteristics are shown in table 1.
Academic attainment. Parents were interviewed regarding each child's academic history at study enrollment. Parents of children with silent infarcts were also interviewed at least 3 years after study enrollment. Grade retention and need for special educational services were assessed. Grade retention was defined as a child repeating a grade in school because of lack of educational progress. Use of special educational services was defined as the need for special classroom or tutoring services because of poor academic performance. Cases of a child repeating a grade because of excessive school absenteeism were not counted as grade retention.
Academic achievement. Measures of academic achievement were obtained at study enrollment with the Woodcock-Johnson Psycho-Educational Battery, Revised (WJ-R). Age-adjusted scores were computed for the Broad Reading and Broad Mathematics skill clusters.
Neuropsychological testing. Each child received a neuropsychological evaluation assessing a range of domains, including language, visual spatial/visual motor, memory, and attention/executive skills. There were two batteries for MRI examinations. MRI examinations of the brain were conducted for children with SCD within 6 months of enrollment on 1.5-tesla systems. Slice thickness was 5 mm, with a 2-mm gap or smaller. T2 and proton densityweighted images were used to identify infarction. A lesion was considered an infarct if a high signal intensity focus of at least 3 mm was identified on a T2-weighted image and verified on additional T2 or proton density-weighted images.
Results. Academic attainment. For students with silent cerebral infarct, 58% (11 of 19) were retained or required special academic services at the time of study enrollment, compared with 27% (12 of 45) for students with SCD and without silent cerebral infarcts, and 6% (1 of 18) siblings without sickle cell disease. Thus, different rates of school attainment were evident, with silent infarction associated with the poorest performance, 2 ϭ 12.56, p Ͻ 0.05. Follow-up of silent infarct cases for a minimum 3-year period indicated three additional cases, for a total of 74% (14 of 19) experiencing school difficulties. Two other silent infarct cases had dropped out of school for a number of reasons, including poor academic performance. These cases were not counted as school difficulties per the study criteria.
Academic achievement. Problems with academic achievement were defined by performing 1.5 standard deviations or greater below age expectation on either the Broad Reading or Broad Mathematics measures. The rate of abnormal achievement test scores for children with silent infarction was 37% (7 of 19); for children without silent infarcts, 27% (12 of 45); and for siblings, 6% (1 of 18).
Neuropsychological performance. Rates of abnormal performance in specific neuropsychological domains were computed based on normative data (table 2). The criteria for abnormality was two or more scores within a domain that fell at least 1.5 standard deviations from age expectation, which makes the likelihood of abnormal performance occurring by chance below 5%. 6 The data in table 2 indicate frequent neuropsychological abnormalities with silent infarcts, particularly within the attention/executive skills domain. Among children with silent infarcts and cognitive deficits, only two did not show difficulties with school attainment at long-term follow-up.
Structural neuroimaging. The distribution of lesions is shown in table 3. Seventy-nine percent of children sustained lesions including the frontal lobes or the white matter underlying the frontal lobes. Those without frontal involvement had infarcts in the basal ganglia, parietal white matter, or thalamus. Ninety-three percent of cases (14 of 15) with frontal injury had neuropsychological deficits, whereas 25% (1 of 4) of those without frontal involvement showed neuropsychological deficits.
Discussion. Despite the frequency of silent cerebral infarcts in SCD, little is known about the clinical impact of this injury on educational attainment and specific cognitive abilities. Our data indicate that children with silent infarcts have at least twice the rate of poor educational attainment as those without silent infarcts. They commonly have specific cognitive deficits that typically include attention and executive skills.
Silent infarcts frequently involve frontal lobe lesions, resulting in deficits in attention and executive skills. These cognitive deficits likely lead to learning difficulties because of poor sustained attention, selforganization, and problem-solving skills. 7 A priority for educational rehabilitation for these children are interventions that target their cognitive deficits. Interventions have been developed to treat inattention, impulsivity, and executive skills deficits. 8, 9 Whether these strategies can be applied effectively to students with silent infarcts is not known, but targeting specific cognitive difficulties has shown efficacy for other disorders. 10 Limitations of this study include the lack of prospective data for children without silent infarcts, which makes interpreting the increasing rate of school difficulties limited. A second limitation is heterogeneity across the two institutions with variabil- ity in specific neuropsychological tests. Although this variability could obscure subtle areas of neuropsychological deficit, the consistent pattern of cognitive deficits across the batteries indicates a robust effect. Silent cerebral infarcts in children with SCD is a condition with morbidity that includes lowered educational attainment and cognitive deficits. Poor school performance may indicate silent cerebral infarcts and should prompt further neurologic evaluation. Strategies for identifying silent cerebral infarction before the onset of school problems through neuropsychological testing, MRI of the brain, or other procedures could help maximize educational attainment.
